DEPARTMENT OF CONSERVATION
Maine Geological Survey
Robert G. Marvinney, State Geologist

OPEN-FILE NO. 97-66
Title:

Surficial Geology of the Portland West 7.5-minute Quadrangle,
Cumberland County, Maine

Author: Woodrow B. Thompson
Date:

1997

Financial Support: Funding for the preparation of this report was provided in part by the
U.S. Geo logi cal Sur vey Cooperative Geo logical Map ping
(COGEOMAP) Program, Cooperative Agreement No. 14-08-0001A0520.

Associated Maps:

Surficial geology of the Portland West quadrangle, Open-File 97-51
Surficial materials of the Portland West quadrangle, Open-File 99-38

Contents: 10 p. report

Maine Geological Survey
Open--File 97-51r

Surficial Geology of the Portland West 7.5-minute Quadrangle,
Cumberland County, Maine
Woodrow B. Thompson
Maine Geological Survey
22 State House Station
Augusta, Maine 04333-0022

INTRODUCTION
This report describes the surficial geology and Quaternary
history of the Portland West 7.5-minute quadrangle in coastal
Maine. Surficial earth materials include unconsolidated sediments (such as sand and gravel) of glacial and nonglacial origin.
Most of these deposits formed during and after the most recent
(late Wisconsinan) glaciation in Maine, within the last 25,000
years. Surficial sediments cover the bedrock over much of the
state and are subject to many uses and environmental considerations. These include sand and gravel extraction, development
and protection of ground-water supplies, siting of waste disposal
facilities, and agriculture.
The present investigation was carried out as part of a cooperative geologic mapping project funded by the Maine Geological Survey and the U.S. Geological Survey. Two maps are
associated with this report. The geologic map (Thompson,
1997a) shows the distribution of the sedimentary units and discusses their age, composition, and origin. It also includes information relating to the geologic history of the quadrangle, such as
glacial striation azimuths and radiocarbon dates on fossil organic
remains. The geologic map provides the basis for the discussion
of glacial and postglacial history presented here. The associated
materials map (Thompson, 1997b) shows specific site data used
to help compile the geologic map. These data include observations from gravel pits, shovel and auger holes, construction sites,
and test borings.
Field work for this project consisted of driving the road
network in the quadrangle and hiking across some of the offroad areas, to examine borrow pits and other exposures of surficial materials. A shovel and hand auger were used to identify
near-surface materials in some places where exposures were
lacking. Much of the materials data for urban areas was compiled from records of test borings for sewer lines and other municipal projects.

Because of the intensive land development that has occurred around Portland in recent decades, far more test-boring
data is potentially available for the quadrangle than could be located within the time constraints of this mapping project. Despite the availability of subsurface records, the mapping and
interpretation of the surficial geology is difficult. Many of the
formerly active gravel pits in the Portland area are either abandoned or have been used for building sites or other purposes. We
may know that sand and gravel underlie a particular site, but in
the absence of good surface exposures it may not be possible to
determine the specific origin of the deposit. Thus, both the
boundaries and the classification of some of the surficial map
units are tentative, and further site-specific investigations may
be necessary where definitive data are required.
Geographic Setting
The Portland West quadrangle is located in the coastal lowland of southwestern Maine. The map area extends in latitude
from 43o37’30” to 43o45’ N, and in longitude from 70o15’ to
70o22’30” W. It includes parts of the towns of Portland, South
Portland, Westbrook, Falmouth, Scarborough, and Windham.
Portland is the largest city in Maine; and much of the quadrangle
has been developed for commercial and residential purposes,
with related expansion of the road network and other transportation facilities.
The Portland West quadrangle generally consists of three
terrain elements: (1) a hilly upland in the northwestern part, with
abundant glacial till and bedrock outcrops; (2) extensive areas of
flat to dissected marine sediments (former sea floor) punctuated
by low hills and ridges; and (3) flood plains and marshlands in
valley bottoms and along the coast. From north to south, the major rivers in the quadrangle are the Piscataqua, Presumpscot, and
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Stroudwater. The Presumpscot River is by far the most significant of these streams, having its origin at the outlet of Sebago
Lake. The highest hills are near the north edge of the map area.
Leighton Hill has the maximum elevation, at 480+ ft (146 m).
The lowest part of the quadrangle is at sea level.
Bedrock Geology
Hussey (1985) has mapped the bedrock geology of the
Portland West quadrangle and surrounding areas. The southeastern part of the quadrangle is underlain by Precambrian to Ordovician metamorphic rock formations of the Casco Bay Group.
This folded and faulted sequence is bounded to the northwest by
the major northeast-trending Flying Point fault. Northwest of
this fault is the Vassalboro Formation of late Ordovician to Silurian age. The latter formation is intruded by Mississippian granite belonging to the southeastern prong of the Sebago batholith.
Another important regional fault -- the Nonesuch River fault -cuts through the Westbrook area and underlies the northeasttrending segment of the Presumpscot River valley.
Bedrock outcrops are abundant on many of the hills in the
quadrangle, particularly in the northeastern and northwestern
parts of the map area. Hills underlain by metamorphic bedrock
commonly have a northeast trend due to the structural grain of
the foliated rock. A notably large expanse of mixed granite and
metamorphic rock has been uncovered in the floor of the Toppi
Pit, east of Methodist Road in Westbrook. Other outcrops occur
in stream beds, but in large areas of the quadrangle bedrock is
concealed beneath a thick cover of Pleistocene glacial and glaciomarine sediments.
PREVIOUS WORK
By virtue of its location in one of the most populous and
long-settled areas of Maine, the Portland area has been studied
by geologists since the early 1800’s. Some of the early work on
surficial deposits was concerned with the late-glacial marine
sediments, especially the clays and associated landslides. Edward Hitchcock (1837) and C. T. Jackson (1837) noted the occurrence of historic landslides in the marine clays of the
Presumpscot Valley; and Mighels and Adams (1842) described
fossil shells from clay deposits in Westbrook. Morse (1869)
summarized the earlier published accounts of landslides, and
presented evidence for prehistoric slides in the PortlandWestbrook region. This evidence included fresh-looking plant
remains found at depths up to 30 ft below the present ground surface. Morse also suggested that a river used to flow through the
low area in the Deering Oaks district of Portland, along what is
now the path of Route I-295. He thought that the Presumpscot
River formerly flowed northeast through this area, but it is possible that the drainage was in the opposite direction (J. T. Kelley,
personal communication, 1997).
By the late 1800’s it was generally recognized that glacial
ice had covered Maine. C. H. Hitchcock (1873) published one of

2

the first descriptions of glacial and postglacial sediments in the
Portland area. He assigned them to four time periods, based
partly on correlations with the developing stratigraphy of the
Champlain and St. Lawrence Valleys. From oldest to youngest,
Hitchcock’s subdivisions were: (1) the Glacier Period, during
which till was deposited by glacial ice; (2) the Leda Clay period,
marked by deposition of fossiliferous marine clay; (3) the Saxicava period, during which fossiliferous marine sand was deposited; and (4) the Terrace period, when a cover of coarse gravel
formed on top of all the earlier deposits. Hitchcock’s interpretation of changing late-glacial sea level seems confused and inconsistent at some points. He apparently believed that marine
waters became deeper in Portland from the Leda clay to Terrace
periods, in contrast to modern interpretations that relative sea
level fell during late-glacial time. However, Hitchcock did advance the understanding of marine processes in shaping the Portland area.
Stone (1899) commented on sand and gravel deposits near
Portland, and attempted to relate them to the “Gray - West Cumberland gravel series” to the north. He thought that the flattopped deposit at Evergreen Cemetery was a marine delta, and
remarked that “The outward or anticlinal dip of the strata on all
sides is probably due in part to the surf washing over the top of
the plain” (Stone, 1899, p. 232). The relatively low elevation of
this feature suggests that it is a submarine fan, rather than a delta,
but Stone’s observation of marine reworking of the original glacial sediments is typical of what has been seen in many places
along the Maine coast. He further observed (p. 232-233) that in
Portland “The waves have washed away much of the glacial
gravel from the hills at each end of the city, and spread it as beach
gravels over the lower slopes of the hills, and often upon the fossiliferous marine clays”.
Along with Morse (1869), Stone noted the traces of prehistoric landslides on the west side of Bramhall Hill (south of where
Maine Medical Center is now located). Erosion, tree growth,
and development of the area have obscured the Bramhall landslides, but the failure planes of these slides reportedly caused
displacements within both the glaciomarine clay and the underlying gravel. Stone (1899, p. 233) aptly described one of the difficulties of geologic mapping in this urban area when he said that
“In consequence of the landslips and the overlap of the beach
gravels, Portland is a difficult locality for investigating the relations of the glacial gravels to the ... clays.”
The road aggregate survey of Maine by Leavitt and Perkins
(1935) includes only brief mention of sand and gravel “kames”
in the Portland-Westbrook area, but these authors did observe
that some of the deposits show evidence of deposition along an
active glacier margin. Prescott (1976 a,b) and Caswell (1979)
have published maps of sand and gravel aquifers that include the
Portland West quadrangle. Hedstrom (1974) prepared soil maps
of Cumberland County for the U. S. Department of Agriculture,
and Thompson (1976) conducted reconnaissance mapping of
surficial sediments in the Portland West quadrangle for the
Maine Geological Survey. Wetlands were mapped by the U. S.

Surficial Geology of the Portland West 7.5-minute Quadrangle
Fish and Wildlife Service (1992). These previous maps, along
with more recent field work and subsurface data from various
sources, helped provide the basis for the present compilation.
Surficial geologic mapping in contiguous quadrangles has been
completed by Clinch and Thompson (1990 - Prouts Neck quad),
Smith (1994 - Gorham quad), Bernotavicz (1995 - Portland East
quad), and Retelle (1997 - Yarmouth quad).
DESCRIPTION OF GEOLOGIC MAP UNITS
The surficial deposits of the Portland West quadrangle
have been represented on the geologic map as a series of units
based on their age and origin. These map units are designated by
letter symbols, such as “Pt.” The first letter indicates the age of
the unit:
“P” - Pleistocene (deposits formed during the “Ice
Age,” i.e. between about 2 million and 10,000
years ago)
“H” - Holocene (postglacial, i.e. formed during the
last 10,000 years)
“Q” - Quaternary (encompasses both the Pleistocene
and Holocene epochs)
The majority of Pleistocene sediments in New England
were emplaced during the most recent (late Wisconsinsan) glacial episode. In Maine this glaciation began approximately
25,000 years ago (Stone and Borns, 1986; Dorion, 1997).
The other letters in the map symbols indicate the origin
and/or assigned name of the units, e.g. “t” for glacial till and
“mn” for marine nearshore deposits. Surficial map units in the
Portland West quadrangle are described below, starting with the
older deposits that formed in contact with glacial ice.
Till (unit Pt)
Till is a glacially deposited sediment consisting of a heterogeneous mixture of sand, silt, and gravel-size rock debris. It
blankets much of the hilly terrain in the northern portion of the
quadrangle and probably underlies younger glaciomarine deposits in the low areas. Some of the sediment comprising till deposits probably was derived from glacial erosion of older
surficial sediments (either glacial or nonglacial), while the remainder was freshly eroded from nearby bedrock sources during
the latest glaciation.
Till is, by definition, a poorly sorted sediment (diamicton)
in which there is a very wide range of rock and mineral particle
sizes. However, the texture and structure of individual till deposits vary depending on their source and how they were
formed. In the Portland area, till may include a small percentage
of clay, but it usually has a sandy or silty-sandy matrix as a consequence of having been eroded from coarse-grained bedrock. Till
has little or no stratification in some places. Elsewhere it is
crudely stratified, with discontinuous lenses and laminae of silt,
sand, and gravel resulting from sorting by meltwater during
deposition. Fresh, non-weathered till deposits in southwestern

Maine usually have a light olive-gray color, but show yellowish
to brownish oxidation near the ground surface.
Stones are abundant in this map unit, and boulders scattered across the ground surface often indicate the presence of till.
The stones chiefly consist of coarse-grained igneous and metamorphic rocks that were derived from local bedrock sources.
Many till stones are more-or-less angular, and some have
smooth, flat, striated surfaces due to subglacial abrasion. These
faceted surfaces are best developed on dense, fine-grained rocks.
Tills deposited under great pressure beneath the ice sheet
(lodgment tills) tend to be more compact and finer-grained than
those formed by ablation processes on the surface of the melting
glacier. Some lodgment tills are difficult to excavate “hardpan,”
and a platy structure (fissility) is often evident in their upper,
weathered zones. Ablation facies tend to be loose-textured,
stony, and contain numerous lenses of washed sediment. More
than one of these till facies may occur at a single locality, in
which case a veneer of ablation till commonly overlies lodgment
till. However, the distribution of till facies in ice-marginal deposits such as end moraines (see below) may be more complicated.
End Moraines and End-Moraine Complexes
(units Pem and Pemc)
End moraines are ridges of till and/or sand and gravel deposited along a glacier margin. A great many of these ridges
were formed in Maine’s coastal lowland during the recession of
the last ice sheet. They were deposited where the edge of the glacier stood in shallow marine waters, generally less than 300 ft
(90 m) deep. Sediments washed, slumped, or were glacially
shoved along the ice margin during brief (annual?) stillstands or
minor forward pulses of the ice, forming ridges or irregular
mounds along the glacier margin. The moraines commonly either include or are closely associated with sand and gravel that
washed into the ocean from the mouths of subglacial tunnels and
built submarine fans. In some places these sand and gravel deposits are sufficiently abundant to be an economic resource.
Individual end moraines in Cumberland County typically
are 10-30 ft (3-9 m) high and a few hundred to several thousand
feet long. They trend east to east-northeast and often formed in
clusters as the ice margin receded. The moraines are important to
understanding the glacial history of coastal Maine because they
show both the orientation of the ice margin and how it retreated
through time. The interlayering of glacial and marine sediments
that can occasionally be seen in moraines is part of the evidence
that the retreating glacier was in direct contact with the sea.
The thick blanket of younger glaciomarine clay (Presumpscot Formation) probably conceals many moraines in the flat,
low-lying areas of the Portland West quadrangle. Some ridges
and linear accumulations of ice-marginal sediments in the southwest part of the quadrangle have been mapped as inferred end
moraines. However, these examples are poorly defined because
of marine modification and widespread excavations in the area.
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Numerous end moraines are present in the Mill Brook valley, north of the city of Westbrook. The more southerly moraines
in this valley have been inferred from topography and air photo
interpretation, since they are more or less covered by the Presumpscot Formation clays. The east-west orientation of ridges
and gullies, together with the presence of borrow pits, indicates
that end moraines probably exist in the latter area. Moraines are
so numerous around the north end of the Mill Brook valley that
they are the dominant type of deposit in the area mapped as “end
moraine complex” (Pemc). The latter unit consists of closely
spaced moraines, with associated marine fan deposits and an uneven cover of Presumpscot Formation (thickest in swales between moraines). Examples of low moraine ridges can be seen
near the south end of Highland Lake, and along Hardy Road to
the southwest.
Close to Mill Brook, the moraines were buried under marine fan and clay deposits, but some of them were revealed by
gravel pit operations. Excellent exposures of till-rich moraines
were seen during several years of excavation deep in the Toppi
Pit (now owned by Risbara Construction) on the east side of
Methodist Road adjacent to the large power line (Thompson and
others, 1995). Where the glacial sediments have been removed,
there is now a large and spectacular exposure of glacially polished and striated bedrock showing a variety of erosional features.
Marine fan deposits (unit Pmf)
Marine fans are accumulations of sand and gravel deposited where subglacial meltwater streams discharged their sediment load into the ocean. As the name suggests, these deposits
built seaward as fan-shaped lobes, though they now often overlap to produce irregular mounds and small hills. Farther inland
from the coast, similar deposits built up to the former ocean surface, developing into flat-topped deltas. Many of the fans are
partially covered by glaciomarine clay lapping against their
flanks.
Although they are not well exposed at present, many of the
larger and apparently thick deposits of sand and gravel in the
quadrangle have been mapped as marine fans. The series of fan
deposits extending from Portland to the West Falmouth area suggests the possible northward migration of a sediment distribution net work as gla cial tun nel mouths re ceded dur ing
deglaciation. The flat upper surfaces on fans such as the one at
Evergreen Cemetery in Portland were subjected to wave action
during the regression of the late-glacial sea, and so are likely to
have been smoothed and capped by reworked sediments.

Presumpscot Formation (unit Pp)
A large part of the Portland West quadrangle is covered by
a marine clay unit known as the Presumpscot Formation. This
important formation is very widespread in coastal Maine and ex-
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tends far up the Androscoggin, Kennebec, and Penobscot River
valleys. It was named by Bloom (1960) after the Presumpscot
River. Bloom’s original localities from which he characterized
and defined the formation were located in borrow pits in the
Riverton area of Portland, near where Route 302 crosses the
river.
Though it is called “clay” in this report, the typical Presumpscot Formation actually has subequal percentages of silt
and clay-size particles and may also contain lesser amounts of
sand. These muddy sediments are finely pulverized rock material that washed into the ocean from melting glacial ice and thus
are said to have a glaciomarine origin. They settled to the sea
floor and in places were subject to later movement by tides and
other marine processes. The mineral composition depends to
some extent on local bedrock sources (Kelley, 1989), and generally does not include the clay minerals that have resulted from
prolonged weathering in nonglaciated parts of the eastern United
States. Exposures of fresh, non-weathered Presumpscot Formation have a gray to bluish-gray color. However, in many places
the upper few feet are brownish-gray due to oxidation. The clay
ranges from massive or weakly-stratified to very well layered,
depending on local particle-size variation and depositional history. Where deposited near the glacier margin, it may contain
scattered pebbles and larger stones that fell to the ocean bottom
from icebergs.
The Presumpscot clay is a blanket deposit of varying thickness that drapes over the older glacial sediments in the Portland
region. It is commonly over 10 ft (3 m) thick in valleys, and locally as much as 50-100 ft (15-30 m) or more in the low terrain
around Portland (Prescott, 1976b). Contacts with both underlying and overlying sand and gravel deposits may be either sharp
or gradational. Flat, horizontal areas underlain by the clay are
apt to be remnants of the original late-glacial sea floor, but in
many places the Presumpscot Formation has been disturbed by
landslides or subjected to gully erosion by postglacial streams.
Fossils. Fossils are often found in the Presumpscot Formation and confirm its marine origin. They are unevenly distributed, with some clay exposures apparently barren or containing
only microfossils, while others have either the imprints or preserved shells of mollusks such as clams and mussels. Some species still live along the coast of Maine, but the glaciomarine clay
also includes species that are now restricted to cold ocean waters
in more northerly latitudes (e. g. Portlandia arctica). Guides to
the identity of the less common shell species are not readily
available. They may be illustrated in books describing modern
shells, and examples of Pleistocene species like those found in
Maine were illustrated by Richards (1962) and Prest and HodeKeyser (1977). Rain-washed clay banks in borrow pits and construction sites can produce good fossil shells, provided that appropriate safety precautions and permission requirements are
observed when visiting these sites.
Fossils in the Portland area have been reported at least
since the early 1800’s (Hitchcock, 1837). Hitchcock (1873),
Bloom (1960), and others have published lists of species from
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this part of the state. Most observations concern marine invertebrate fossils, but remains of fish and marine mammals have also
been unearthed. Leavitt and Perkins (1935) cited earlier reports
of a walrus skeleton found in Portland in 1878, and they noted
that seal remains were discovered 14 ft (4 m) below the ground
surface in Westbrook.
In 1976, the present author found an unusual occurrence of
fossil wood in a clay exposure located in a Portland gravel pit
(north of the Fore River, and across the railroad track from the
former Maine Central Railroad station, at site indicated on the
geologic map [Thompson, 1997a]). Well-preserved remains of
the trunk, branches, and cones of white spruce trees were excavated from the basal part of the Presumpscot Formation at this
locality, just above the contact with underlying gravel. The find
was reported by Thompson (1978) and illustrated in local newsletters of the Maine Central Railroad (Maine Central Messenger,
Fall, 1980) and S. D. Warren Company (Warren’s Standard,
Winter, 1981). Some of the spruce needles were so well preserved in the clay that they were still green. The wood and associated plant fossils were first described in detail by Hyland and
others (1978). These authors obtained radiocarbon dates on the
spruce logs ranging from 10,875 to 12,510 yr B.P. (years before
present). The wide range in dates has yet to be satisfactorily explained, but the application of the more recent AMS radiocarbon
dating technique on spruce cones and needles from the same locality yielded three ages with a narrower range of 11,460 to
11,670 yr B.P. (Anderson and others, 1990). These newer dates
are believed to be more accurate, and they show that the Portland
area was still at least partly submerged by the sea at around
11,400 radiocarbon years ago. The fossil site was probably under water for a few hundred years after that time, since 10-15 ft
(3-5 m) of marine clay overlies the wood-bearing horizon.
Landslides. The section of the Presumpscot River valley
around Westbrook has experienced dramatic landslide activity
and damage to property within the last 200 years. Morse (1869)
documented some of the slides that occurred in the clay deposits
of this area in the early to mid 1800’s. Rowe and others (1952)
likewise summarized the landslide history of Westbrook, and
Novak (1987) included the area in a more general inventory of
Maine landslides. The abundant tree remains found in excavations and test borings in Westbrook suggest repeated landslide
activity along the Presumpcot Valley during postglacial time. A
few of the sites where buried fossil remains have been encountered are indicated in the logs of test borings on the surficial materials map associated with this report.
The “Ammoncongin” landslide of 1868 devastated an area
extending north from the Presumpscot River for one-third of a
mile, blocking and diverting the river and flooding the Cumberland paper mill (present site of S.D. Warren mill). Devin and
Sandford (1990) reproduced contemporary photographs showing the tremendous ground disruption resulting from this landslide. Unlike other nearby slides that occurred by progressive
failure of slump blocks in the Presumpscot Formation, the Ammoncongin slide involved extensive flowage. Had it occurred in

recent years, the property damage and potential loss of life
probably would have been much greater.
Devin and Sandford’s (1990) engineering geology study
showed that the stability of the Presumpscot Formation varies
from place to place, and that the potential for future landslides
still exists in the Westbrook area. These authors conclude that
the landslide hazard should be considered in any future developments that might affect slope stability in the glaciomarine clays.
The recent destruction of homes by landslides in Rockland
(Berry and others, 1996) further underscores the need for caution in development of areas underlain by the Presumpscot Formation.
Marine deposits, undifferentiated (unit Pm)
Some of the sand and gravel deposits in the Portland West
quadrangle do not show clear evidence of how they formed, but
were most likely emplaced in a marine environment. These areas have been mapped as unit “Pm.” They comprise sediments
that either washed directly into the ocean from the late Wisconsinan glacial ice sheet, or were formed by marine wave and current
action during later stages of marine submergence following deglaciation. Some of the mapped Pm deposits between Portland
and the Presumpscot River probably formed by wave erosion of
glacial till and marine fan sediments on higher adjacent slopes.
In the north-central part of the map area, sand and gravel deposits reach an elevation of 300 ft (90 m) in the Meader Brook valley. This is probably the upper limit of marine submergence,
suggesting that glacial outwash may have prograded into the
ocean and formed a delta. The sand and gravel deposits farther
down the Meader Brook and nearby Minnow Brook valleys may
be submarine fan deposits or younger marine shoreline and nearshore sediments.
Marine nearshore deposits (unit Pmn)
Marine nearshore deposits (Pmn) consist of sand and
gravel laid down along shorelines and in shallow marine waters.
These deposits formed during the regression of the sea that resulted from uplift of the land in late-glacial time. The mapped
nearshore deposits are mainly in the southwest part of the quadrangle, where they were derived from reworking of adjacent till
and marine fans. It is likely that at least a thin cover of these sediments is present in many other places where lack of exposure
makes it hard to differentiate them from the older glaciomarine
deposits.
Marine regressive sand deposits (unit Pmrs)
Low, flat sand plains occur in several areas near the coast of
southwestern Maine, usually at elevations higher than modern
flood plains, but well below the marine-limit deltas. Gullies cut
into these plains show that they commonly overlie glaciomarine
clay of the Presumpscot Formation. The sand deposits contain
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fluvial structures indicating that they were deposited by streams,
but their elevation and lack of ice-contact features show that they
postdate deglaciation and maximum marine submergence. Thus
it is inferred that the sand plains formed during the postglacial
marine regression as stream systems were gradually lowering to
present-day levels. These deposits are mapped as unit Pmrs.
One of the regressive sand plains is located in the southwest part of the Portland West quadrangle and extends into adjacent portions of the Prouts Neck and Gorham quadrangles. Its
boundaries are not well mapped because of the urbanization over
much of this area. Available materials data and soil mapping
(Hedstrom, 1974) have been used to help delineate the approximate contacts shown on the geologic map. For example, highway test borings in the vicinity of Exit 7 on the Maine Turnpike
revealed 4-15 ft (1-5 m) of sand overlying the marine clay (Prescott, 1976b). Where gullies have been eroded into Pmrs deposits, the clay may be exposed at the surface.
Wetlands, including salt-marsh deposits (units Hw and Hwsm)
Wetlands are poorly drained areas with a high water table.
They may include peat, muck, and fine-grained inorganic sediments, in association with a variety of vegetation types. Freshwater wetlands often occur on river flood plains, but they have
not been mapped separately on the narrow flood plains (unit Ha)
in the Portland West quadrangle. A large swampy wetland is
present along U. S. Route 302 in the northwest corner of the
quadrangle. In the tidal zone along the Fore River, there are
salt-water marshes. Only the larger wetlands are shown on the
surficial geologic map. Their boundaries are approximately located and should not be used for land-use zoning. A detailed
compilation of wetlands is available on the National Wetlands
Inventory map by the U.S. Fish and Wildlife Service (1992).

Stream alluvium (unit Ha)
Flood plains are low, generally flat areas along modern
streams that are subject to occasional flooding. Most of the alluvial sediments deposited on these flood plains consist of siltysandy sediments and organic material. These deposits have been
mapped as unit “Ha.” They are likely to be especially finegrained in the Portland West quadrangle, since the Presumpscot
and other rivers have low gradients and locally dissect areas of
muddy glaciomarine sediments.

Glaciation
It is uncertain how many episodes of glaciation have affected the Portland area during the Pleistocene Ice Age. Till deposits in southwestern Maine clearly record the most recent (late
Wisconsinan) glaciation and probably one earlier event. A
deeply weathered “lower till” found elsewhere in central and
southern New England has also been recognized in southern
Maine (Thompson and Borns, 1985; Weddle and others, 1989).
Although it is not well-dated, the lower till was deposited during
the penultimate glaciation, probably of Illinoian age.
Data summarized by Stone and Borns (1986) and Dorion
(1997) indicate that the late Wisconsinan Laurentide Ice Sheet
expanded out of Canada and spread into Maine approximately
25,000 years ago. As the glacier continued to flow across the
state for the next 10,000 years, it reshaped the surface of the land
by eroding, transporting, and depositing tremendous quantities
of sediment and rock debris. The combined effects of erosion
and deposition have given some hills a streamlined shape. Those
in southwestern Maine have long axes parallel to the southeastward flow of the ice. This shaping can be seen on hills in the
north-central part of the quadrangle (Leighton Hill area) and to
some extent on the hill east of Back Cove in Portland and the
small hill near Cash Corner in South Portland.
The late Wisconsinan glaciation produced the stony till deposits that blanket the upland areas of the quadrangle. Abrasion
by rock debris dragged at the base of the glacier polished and
striated the bedrock surface. The striations are not easy to see in
the Portland area because they are either concealed beneath the
surficial sediment cover or have been destroyed by weathering
where the coarse-grained bedrock is exposed at the ground surface. The best places to find them are on ledge surfaces where
the sediment cover has recently been removed, such as borrow
pits and ledges along the ocean shore.
Striation localities encountered during this study are
shown on the geologic map. At 18 sites where striation azimuths
were measured, they ranged from 145o to 185o, with an average
of 164o. They record SE-SSE ice flow that presumably occurred
during the main phase of the most recent glaciation. A large expanse of striated and polished bedrock was examined in the floor
of the Toppi Pit in Westbrook. One part of this ledge has a weathered surface that slopes to the south and was protected from erosion by the dominant south-southeast ice flow. An older set of
glacial grooves trending 105-120o is preserved on this surface,
though its age is not known.
Recession of the last ice sheet

GLACIAL AND POSTGLACIAL
GEOLOGIC HISTORY
The following summary of the Quaternary history of the
Portland West quadrangle is based on the interpretations of surficial earth materials described in this report, together with glacial landforms and ice-flow indicators.
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Radiocarbon ages of shells from glaciomarine sediments
show that during the waning phase of the late Wisconsinan ice
sheet, the glacier margin receded into central Maine by 13,000
years ago (Davis and Jacobson, 1985; Anderson and others,
1992). This age, along with other ages given here, are based on
radiocarbon dating. (The actual “calendar ages” of late-glacial
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events are perhaps at least 2,000 years older than the radiocarbon
ages [Bartlein and others, 1995]).
Recession of glacial ice was accompanied by marine submergence of the Portland area to a present elevation of about 300
ft (90 m). The entire quadrangle was under water except for the
highest hills in the northwestern part. Over much of the coastal
lowland of southern Maine, it is possible to trace the retreat of the
glacier margin because there are hundreds of end-moraine
ridges, submarine fans, and deltas that were deposited in the marine environment at the edge of the ice. Regional relationships
show that the ice margin was grounded on the ocean floor in
shallow water (Thompson and others, 1989).
End-moraine ridges formed where till and other sediments
were dumped along the ice margin, while large quantities of sand
and gravel washed into the ocean from ice tunnels and built fans
and deltas. No ice-contact deltas are present in the Portland West
quadrangle, and the poorly exposed marine fans do not provide a
clear indication of the local pattern of ice retreat. However, there
are numerous moraines in the northwestern part of the quadrangle. Together with moraines and fan deposits in adjacent quadrangles, they indicate glacial recession in directions between
north and northwest.
The muddy sediments of the Presumpscot Formation began to accumulate immediately after deglaciation and thickly
blanketed the low areas around Portland and Westbrook. At
first, the marine clay washed directly into the sea in turbid
plumes of meltwater from the ice margin, but part of the Presumpscot Formation consists of younger marine mud that was
deposited when deglaciation of southwestern Maine was complete. This is known from the ages of fossil shells in the area that
date to between 12,000 and 11,000 yr B.P. (Smith, 1985).
Postglacial history
Postglacial crustal uplift raised the Portland area above sea
level around 11,000 years ago. During the emergence, all places
that had been flooded were sooner or later subjected to wave action as they approached and rose above the ocean surface. Marine erosion reworked the exposed glacial sediments, forming a
drape of sandy to gravelly nearshore deposits. Rapid uplift continued until relative sea level receded far out onto the continental
shelf. Another result of marine regression was that the Presumpscot River and other streams continually shifted course as they
flowed across the low-relief coastal terrain and adjusted to
changing sea level. In areas where a supply of coarse sediment
was available, some of these streams built sand plains like the
one in the southwest part of the Portland West quadrangle (map
unit Pmrs).
Following crustal uplift, worldwide (eustatic) sea level
continued to rise and eventually reached its present position on
the Maine coast (Belknap and others, 1987; Barnhardt and others, 1997). This sea-level rise has been accompanied by development and landward migration of salt marshes along modern
tidal creeks. Inland from the tidal zone, flood-plain and wetland

deposits are accumulating along present-day streams and in
poorly drained areas. Landsliding of unstable glaciomarine
clays has considerably disturbed the original stratigraphy along
parts of the Presumpscot River valley.
Economic geology
A number of commercially important sand and gravel deposits have been worked in the greater Portland area. Today the
Portland West quadrangle contains few available deposits compared to other areas farther inland. The marine fans (map unit
Pmf) are the largest deposits, and borrow pits have been operated
in them for many years. Some of these pits have been depleted or
replaced by urban development. In other cases, sand and gravel
deposits lie beneath cemeteries and densely developed areas that
have made them essentially inaccessible. Substantial amounts of
sand and gravel have also been removed from the marine nearshore deposits in the southwest part of the quadrangle (unit
Pmn), the undifferentiated marine sediments in the northern part
(unit Pm), and some of the end moraines in the Mill Brook valley
north of Westbrook.
The clay deposits of the Presumpscot Formation are still
excavated at a few locations in Maine for making bricks and pottery, and brick making used to be an important industry in Portland. Two brickyards were especially active in the early 1900’s,
producing a total of nearly 8 million bricks a year (Katz, 1912).
The Presumpscot clays also have potential as a cover material for
landfills due to their low permeability.
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APPENDIX
GLOSSARY OF TERMS USED ON MAINE GEOLOGICAL SURVEY SURFICIAL GEOLOGIC MAPS
compiled by
John Gosse and Woodrow Thompson
Note: Terms shown in italics are defined elsewhere in the glossary.
Ablation till: till formed by release of sedimentary debris
from melting glacial ice, accompanied by variable amounts of
slumping and meltwater action. May be loose and stony, and
contains lenses of washed sand and gravel.
Basal melt-out till: till resulting from melting of debrisrich ice in the bottom part of a glacier. Generally shows crude
stratification due to included sand and gravel lenses.
Clast: pebble-, cobble-, or boulder-size fragment of rock
or other material in a finer-grained matrix. Often refers to stones
in glacial till or gravel.
Clast-supported: refers to sediment that consists mostly
or entirely of clasts, generally with more than 40% clasts. Usually the clasts are in contact with each other. For example, a
well-sorted cobble gravel.

Esker: a ridge of sand and gravel deposited at least partly
by meltwater flowing in a tunnel within or beneath glacial ice.
Many ridges mapped as eskers include variable amounts of sediment deposited in narrow open channels or at the mouths of ice
tunnels.
Fluvial: Formed by running water, for example by meltwater streams discharging from a glacier.
Glaciolacustrine: refers to sediments or processes involving a lake which received meltwater from glacial ice.
Glaciomarine: refers to sediments and processes related
to environments where marine water and glacial ice were in contact.
Head of outwash: same as outwash head.

Delta: a body of sand and gravel deposited where a stream
enters a lake or ocean and drops its sediment load. Glacially deposited deltas in Maine usually consist of two parts: (1) coarse,
horizontal, often gravelly topset beds deposited in stream channels on the flat delta top, and (2) underlying, finer-grained, inclined foreset beds deposited on the advancing delta front

Holocene: term for the time period from 10,000 years ago
to the present. It is often used synonymously with “postglacial”
because most of New England has been free of glacial ice since
that time.

Deposit: general term for any accumulation of sediment,
rocks, or other earth materials.

Ice-contact: refers to any sedimentary deposit or other
feature that formed adjacent to glacial ice. Many such deposits
show irregular topography due to melting of the ice against
which they were laid down, and resulting collapse.

Diamicton: any poorly-sorted sediment containing a wide
range of particle sizes, e.g. glacial till.
Drumlin: an elongate oval-shaped hill, often composed of
glacial sediments, that has been shaped by the flow of glacial ice
such that its long axis is parallel to the direction of ice flow.
End moraine: a ridge of sediment deposited at the margin
of a glacier. Usually consists of till and/or sand and gravel in
various proportions.
Englacial: occurring or formed within glacial ice.
Eolian: formed by wind action, such as a sand dune.

Ice age: see Pleistocene.

Kettle: a depression on the ground surface, ranging in outline from circular to very irregular, left by the melting of a mass
of glacial ice that had been surrounded by glacial sediments.
Many kettles now contain ponds or wetlands.
Kettle hole: same as kettle.
Lacustrine: pertaining to a lake.
Late-glacial: refers to the time when the most recent glacial ice sheet was receding from Maine, approximately 15,00010,000 years ago.
Late Wisconsinan: the most recent part of Pleistocene
time, during which the latest continental ice sheet covered all or
portions of New England (approx. 25,000-10,000 years ago).
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Lodgment till: very dense variety of till, deposited beneath flowing glacial ice. May be known locally as “hardpan.”
Matrix: the fine-grained material, generally silt and sand,
which comprises the bulk of many sediments and may contain
clasts.
Matrix-supported: refers to any sediment that consists
mostly or entirely of a fine-grained component such as silt or
sand. Generally contains less than 20-30% clasts, which are not
in contact with one another. For example, a fine sand with scattered pebbles.
Moraine: General term for glacially deposited sediment,
but often used as short form of “end moraine.”
Morphosequence: a group of water-laid glacial deposits
(often consisting of sand and gravel) that were deposited moreor-less at the same time by meltwater streams issuing from a particular position of a glacier margin. The depositional pattern of
each morphosequence was usually controlled by a local base
level, such as a lake level, to which the sediments were transported.
Outwash: sediment derived from melting glacial ice, and
deposited by meltwater streams in front of a glacier.
Outwash head: the end of an outwash deposit that was
closest to the glacier margin from which it originated. Icecontact outwash heads typically show steep slopes, kettles and
hummocks, and/or boulders dumped off the ice. These features
help define former positions of a retreating glacier margin, especially where end moraines are absent.
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Pleistocene: term for the time period between 2-3 million
years ago and 10,000 years ago, during which there were several
glaciations. Also called the “Ice Age.”
Proglacial: occurring or formed in front of a glacier.
Quaternary: term for the era between 2-3 million years
ago and the present. Includes both the Pleistocene and Holocene.
Striation: a narrow scratch on bedrock or a stone, produced by the abrasive action of debris-laden glacial ice. Plural
form sometimes given as “striae.”
Subaqueous fan: a somewhat fan-shaped deposit of sand
and gravel that was formed by meltwater streams entering a lake
or ocean at the margin of a glacier. Similar to a delta, but was not
built up to the water surface.
Subglacial: occurring or formed beneath a glacier.
Till: a heterogeneous, usually non-stratified sediment deposited directly from glacial ice. Particle size may range from
clay through silt, sand, and gravel to large boulders.
Topset/foreset contact: the more-or-less horizontal
boundary between topset and foreset beds in a delta. This
boundary closely approximates the water level of the lake or
ocean into which the delta was built.

